Sequential order bias is often used to refer to timing biases in sequential order judging. However, there are two distinct biases within this structure: overall order bias, a bias throughout the event, and a sequential order bias, a judgment biased by the immediately preceding performance. I independently test these forms of bias using uniquely suitable data from elite level gymnastics. After modeling overall order bias, I find evidence this bias exists; scores escalate throughout the competition. However, I find no evidence of a sequential order bias; scores are independent of the immediately preceding performer. JEL: L10, L83, D81, J70, Z1
I. Introduction
Bias of social comparison has been found in sequential order competitions, primarily in two main forms: an overall order bias which occurs throughout the event, referred to as primacy and recency, and a sequential order bias, where one person's score is influenced by the information gathered by the person who immediately preceded them.
Often these two types of biases are lumped together as a sequential order bias. In this study, I measure these two forms of bias separately, and find that an overall order bias (primacy and recency) does exist, but find no evidence of a sequential order bias.
Although the sample is near ideal, the semi-randomly assigned order has an upward bias in the overall order bias. This can overstate the true impact, or existence, of overall order bias. Damisch, Mussweiler, and Plessner (2006) find that gymnasts' scores are influenced by the previous performance when using data from the 2004 Olympics.
However, there are three main concerns with this data: 1) there is a team competition, 2) they use finals data, and 3) there was an apparent judging controversy in this Olympics which caused a major overhaul of the gymnastics scoring system. When a team competition exists, each team is given multiple spots in which to place their athletes. It is commonly known that coaches choose to order athletes to optimize team performance; this means coaches place their best athletes last. Given this information, one would expect to find a sequential order bias, as it is driven by the coach's selection of athlete placement.
The second issue is the use of finals data in the 2006 study. This data is biased inand-of-itself because the ordering in the finals competition is based off the scores in the preliminary competition. The athlete who scores the highest in the preliminary competition goes last, with the second highest score going second to last, etc. Thus, if the preliminary scores are any prediction of the athletes' ability to complete the task, the structure of the competition is set-up to be correlated. Damisch, Mussweiler, and Plessner (2006) find a contestant positive and significant sequential order bias, which is expected when using finals data (with a team competition). Although they admit this bias in the data structure, their ability to control for it is limited by statistical tools. In this study I use a sample that limits these structurally imbedded biases to get a truer understanding of sequential order bias.
The third issue, the judging controversy, led the FIG (Federation Internationale de
Gymnastique) to separate the scores into a 'difficulty' score and an 'execution' score.
The difficulty and execution scores are now judged by completely separate panels of judges. The difficulty score assesses the complexity of each routine the athlete attempts, and the execution score measures the performance of each routine the athlete attempts.
This separation of scoring allows for a proxy to better understand the impact of both overall order bias and sequential order bias. Because the difficulty of each routine is decided by the athletes themselves, no order bias should exist. However, because the execution score is decided by the judge, both forms of order bias are testable in this portion of the scoring system.
With this unique dataset I am able to separately test for an overall order bias and sequential order bias. Although Damisch, Mussweiler, and Plessner (2006) claim to find a sequential order bias, I find no evidence that a sequential order bias exists. Either the bias in their sample was driving the results, or the gymnastics world has since found a better way to eliminate this form of bias from the judging process. I also test if this bias exists for athletes performing immediately following a superstar athlete, continuing to find no evidence this form of bias exists. I do find evidence of an overall order bias, however, which is expected. The model and literature on different forms of bias are covered in the next section. Section three discusses the data and focuses specifically on how it uniquely allows for an accurate measure of sequential order bias. Section four describes the methodology followed by the results, separately for overall order bias and sequential order bias, and the last section concludes. Wilson (1977) points out that 'order affects' matter. He finds that synchronized swimmers who appear in the first grouping receive significantly lower scores than those competing in the second or third groupings. Flôres and Ginsburgh (1996) find that order matters in "The Queen Elizabeth Musical Competition," as the day a contestant competes impacts their overall ranking. Glejser and Heyndels (2001) confirm their findings, again using "The Queen Elizabeth Musical Competition," finding that it is better to go later in the week, or later in the day, ceteris paribus. Page and Page (2010) classify a found order bias in the "Idol" song contest as a form of sequential order bias. They find this ordering bias in the form of a J-shaped function indicating that it is better to go first than second or third, but it is even better to go last than first. This confirms the idea of primacy and recency found in the psychology literature which states that it is better to go first (primacy) or last (recency) when being judged, but not in the middle; which gives a Ushaped function (Gershberg and Shimamura 1994 , Burgess and Hitch 1999 , and Mussweiler 2003 . Bruine de Bruin (2005) separate out judgments made at the end of the competition in the "Eurovision" song contest and judgments made after each contestant in figure skating. They find that both forms of contest have an overall order bias.
II. Forms of Bias
These order bias issues occur differently depending on the structure of the competition: if the judgment is made after each contestant, like in this data set, or at the end of all contestants. Thus, it is possible that a perceived overall order bias, as found in the literature, is an efficient response to the set-up of sequential order contests. When judging occurs throughout a competition, it is not the memory response to primacy and recency that matter; it is the unexpected outcomes of future contestants. In a contest with 100 people, if order is assigned randomly and judging is conducted sequentially, the probability that the first person is the best (worst) is one percent. Therefore, the probability that this person deserves the highest (lowest) score is very low, and the judges are aware of this. Even if the first person is good, the odds are high that a later competitor will be even better. By withholding the highest score from the first competitor, judges hedge their bets by suppressing high scores. When scores are submitted at the end of each performance, rather than at the conclusion of the competition, the suppression of high scores will lead to an increase in scores over time.
This will differ from the U-shaped function found in the psychology literature.
This simple example can be approached from a more mathematical standpoint.
Assuming talent is randomly distributed, or unknown, the probability, p, of any given individual in the population, n, being the best is:
As n increases, the probability that the first person is the best (worst) decreases.
Given that scoring has an upper (lower) bound, the use of the highest (lowest) score for the first person restricts the ability of the judge to give this high (low) score for someone better (worse) later in the competition. Although we worry about these scores being limited at both the high and low ends, given the high level of this competition, the relevant margin will be the top scores.
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Given that these judges are experts, and conditional on observing a performance, they form a posterior belief about the probability a given performance is the best, which may be significantly different from 1/n. It is clear that if the gymnast falls, their probability of being highly ranked is low, and if that gymnast competes without fault a routine with a high level of difficulty, their probability of being highly ranked is high.
While judges will be able to estimate an approximate rank of the performance given their experience of the distribution of past performances, they still face an uncertainty about the distribution of performances in the present sample of athletes.
Given the remaining uncertainty, I conjecture that judges still recognize that the odds of the first person being the best are low, and thus may withhold the top scores from early contestants. If this is true, it is expected that the judges will reserve high scores for later in the competition. 2 This suppression of high scores is a function of the number of participants left and the expected distribution of the quality of future participants. As a judge observes more participants, this score ceiling effect diminishes. With the right type 1 Although it is possible that the judge could withhold both high and low scores, due to the fact that the average execution score is approximately 8.0, out of 10.0, a judge's ability to give an athlete a low score later in the competition for a terrible performance is not a real constraint. In this data, the main constraint is moving an athlete's score up for a better performance later in the competition. (Seltzer and Glass 1991 , Campbell and Galbraith 1996 , Sala, Scott, and Spriggs 2007 , and Zitzewitz 2006 . A difficulty bias, which occurs when a competitor attempting a more difficult routine yields an artificially higher execution score, is found in gymnastics by Morgan and Rotthoff (2014) . Because these forms of bias exist, I control for a nationalistic bias and difficulty bias to accurately measure the existence of an overall order bias and sequential order bias.
III. Data
Once every four years (in the year after the Olympics) the top gymnastics randomly assigned between one and three spots. This random assignment occurs at three levels: which session each athlete will compete in, which event they will start on (their rotation), and in what order they will appear for that event. Each country, or the countries' gymnastics governing bodies (in the U.S. this is USA Gymnastics), places their athletes in these spots.
This semi-random order assignment increases the accuracy of measuring order biases relative to Damisch, Mussweiler, and Plessner's (2006) findings. Although each country can strategically place their athletes, each athlete's relative position is independent of the immediately preceding athlete (countries were not given two back-toback spots). Also, given that each country could have a maximum of three athletes in the competition, any one country's overall impact is very small. However, because this is semi-random, but not completely random, the overall order bias measure is biased upward. Still, the measurement of sequential order bias is unaffected by the semi-random assignment due to the limited spots each country receives. As gymnastics went to the new scoring system, they also went to two completely separate judging panels, one judging the difficulty of the routine and one judging the execution of the routine. The difficulty score is theoretically infinite and is limited by the routine attempted by each athlete. The execution score has a maximum score of 10.0, keeping the traditional 'perfect 10' of the sport alive. The average and standard deviation of scores are shown in table 1 (women) and 2 (men).
To accurately measure both the overall order bias and the sequential order bias I normalize the data following Morgan and Rotthoff (2014) . Each event's data is normalized with a mean of zero and standard deviation of one to measure the overall order bias. Sequential order bias is dependent on the person performing immediately before each athlete; thus, it is necessary to analyze each event separately. Each panel of judges remains on the same panel for each event throughout the competition. Any measure of a sequential order bias from one athlete to another will exist on each event.
The summary statistics for the normalized data are shown in Table 3 . Given the different forms of bias found in the data, I control for both a nationalistic bias and a difficulty bias. From GymnasticsResults.com I have the country of each judge on the execution panel. 4 These countries are presented in Table 4 for the women's events and Table 5 for the men's events. This allows a dummy variable to represent if the country of a judge on the execution panel matches the country an athlete represents. In order to control for a few very talented individuals driving the results, I also control for athletes that come from superstar countries. 5 Superstar countries are defined as countries that are shown to be top performers on a given event over the previous nine years. This means that they have won at least three medals in the last three Olympics (2000 Olympics ( , 2004 Olympics ( , and 2008 and/or in the last six world's competitions (2001-2003 and 2005-2007) . Superstar countries are shown in Tables 6 (women) and 7 (men). Poland Japan
IV. Methodology
There are two forms of order bias that need to be tested: overall order bias and sequential order bias. Overall order bias will reveal if there are benefits to going at specific different points in the competition and will capture the primacy and recency effects found in the psychology literature. Sequential order bias measures the impact of the performance immediately preceding the performance in question; this bias is the perceived bias that worries presenters, or those taking oral exams, that the person presenting immediately before you impacts your score. I do two robustness tests for each form of bias.
Overall Order Bias (Primacy and Recency)
In 2006 elite level gymnastics moved away from the perfect 10 system that made Nadia Comaneci famous during the 1976 Olympics. Gymnastics' scoring system now separates out the difficulty score and the execution score. I estimate the following for each athlete, i, aggregating all events, for both men and women, together:
Individual athlete's scores, Score, is used to measure whether performing at a different point in the contest has an impact on the score received. Difficulty and execution scores are separately estimated. This separation reveals vital information on the biased nature of the results. If there is a bias, it will only exist in the execution score; as the difficulty score is randomly distributed throughout the competition. Finding an order impact on the execution score, and not the difficulty score, provides the strongest evidence for an overall order bias.
Overall order (OverallOrder) and overall order squared capture each athlete's relative order in the competition, with a squared term to capture any non-linear relationship possibilities. To control for a few very talented individuals driving the results, I include a variable for athletes from SuperStar countries. In order to control for a potential nationalistic bias, I include SameJudge (for the execution score only) to capture whether the athlete and a judge on the execution panel are from the same country. To control for the potential for different results from each of the events, the E vector is an event-specific fixed effect.
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I also add a difficulty control to the execution results to test if the overall order bias still exists with this control (equation 3). Morgan and Rotthoff (2014) , specifically at this meet, argue that a difficulty bias exists. Although this could be a self-selection issue, which Morgan and Rotthoff admit, controlling for Difficulty Bias will not bias the results in this study. These scores, Score, will be used individually to measure if performing at a different point in the contest has an impact on the score received. Score will be measure for each athlete, i, for each event, j, with a dummy for if they go first, First, or last, Last, in their rotation (In Rotation), in the first or last rotation of a session (Rotation), or in the first or last session (Session) of the day. I also control for a superstars (SuperStar) and judges that come from the same country as the athlete (Same Judge). This structure allows for the measurement of any bias that occurs right after the judge has a short break between rotations, or a longer break between sessions. Given that Danziger et al. (2011) find that judges issue different ruling after the return from a break, this robustness measure tests for any 'break effect' on the judging in this competition.
Sequential Order Bias
A sequential order bias occurs when the score of one particular judgment is dependent on the previous judgment. Scores are then related to the most recently performing person. Using data for each event, I match each performer with his or her predecessor, estimating equation 5 for each athlete, i, for each event, j.
This tests whether an athlete's score is independent of the previous athlete's performance, i-1. I am focused only on the alpha coefficient on the lagged score variable, thus the other results are suppressed for brevity. There are three outcomes to look for in this model. The scores could be positively related, meaning that the previous athlete's score positively impacts the next athlete's score. If the previous athlete does well, that helps the next athlete's score; however, if the previous athlete does poorly, the next athlete's score is artificially lower because of this. The second possibility is that the scores are negatively correlated, thus the subsequent athlete's score is inversely affected by the preceding athlete's score. Both of these outcomes support the finding of a sequential bias. The third possibility is that α is zero, which would imply that scores are completely independent of each other. Finding a coefficient of zero would be the strongest evidence that a sequential order bias does not exist.
Robustness -Sequential Order Bias
Although the sequential order bias has been measured in other studies (Wilson 1977, Flôres and Ginsburgh 1996 
This tests whether an athlete's score is independent on the previous athlete's performance, i-1 and including if that previous athlete was a superstar, i-1. The focus is now expanded to both alpha coefficients on the lagged score variables. Again, the other results are suppressed for brevity.
As a second robustness check on sequential order bias I separate out the execution scores for each event by the judges on the panel. For each event there are six judges on the execution panel who judge the same event throughout the preliminary round of the competition. This test reveals if there is a sequential order bias for a given judge, even if one is not found for the average score given by the panel of judges.
IV. Results -Overall Order Bias
To test if the difficulty score is truly exogenous from the timing in the competition, I look at the timing measures to determine if they have any impact on the difficulty of the routines the gymnasts complete. Table 8 displays results from equation 2, where the dependent variable is the difficulty score, controlling for the order in which each athlete competes and whether the athlete is from a super star country. The variables for order are insignificant, suggesting that the performance order is independent of the athletes' chosen level of difficulty for their routines. The expected positive sign on superstar is found, meaning that athletes from powerhouse countries are more likely to have harder routines. Table 9 includes a control for same judge to determine how the predictors are related to the execution score. I hypothesize that if any bias exists, it will be found in the execution portion of the scoring, which has a maximum value of 10.0. Significant coefficients on the time variables indicate an overall order bias. Going first is detrimental to a gymnast's score, while going later in the competition yields a statistically significantly higher score. This pattern is compatible with the fact that judges could be withholding top scores early in order to discriminate between later performances when they have a more complete knowledge of the level of competition they will see throughout the day. This is consistent with previous research on overall order bias and primacy and recency (Wilson 1977 , Flôres and Ginsburgh 1996 , Glejser and Heyndels 2001 , and Page and Page 2010 , and supports the idea that it is bad to go first (primacy) and simultaneously good to go last (recency)). I also find that athletes from superstar countries receive better scores. There is no statistical impact of having an execution judge from the same country as the athlete. Table 10 ), I control for the difficulty bias found in Morgan and Rotthoff (2014) . Overall order bias continues to be present when controlling for this difficulty bias. 
Following equation 3 (presented in

Robustness -Overall Order Bias
When splitting the order into four groups where the first 30 people to go are in the first group, the next 30 are in the second group, the following 30 are in the third group, and the remaining people are in the fourth group, I continue to find it is more valuable to go later in the competition. Table 11 continues to show evidence that judges withhold top scores early in the competition. Thus, given this structure of the model, I find it is optimal not to go in the first group of 30 athletes. However, I find no significant difference in being in any other the other groups in the sample; second, third, or fourth.
The second robustness test on overall order bias measures the first and last person in each rotation, if that person was in the first or last rotation, and if that person was in the first or last session. The first regression is on the difficulty score and is presented in The variables for time are all insignificant except for a positive coefficient on the last session on the floor and a negative coefficient on the first session on the vault. Following the expected result that difficulty is not dependent on when a gymnast performs, twentytwo of the twenty-four time coefficients are not significant. I conclude that the difficulty score is not dependent on the timing of the performance.
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In Table 13 the same variables are used to determine how they are related to the Execution Score. If any judging bias occurs immediately following a break time (Danziger et al. 2011) , it would appear on the dummy variables for the people performing first in a rotation, or in the first rotation. When looking at the time variables on the execution score, there is evidence that going in the first session of the day is detrimental to one's score, which is consistent with previous research on primacy and recency (Glejser and Heyndels's 2001) . However, there is no evidence that being the first person to go after a short break, between routines, after a long break, or in the first rotation of a session, lead to higher (or lower) scores, as would be predicted from the results in Danziger et al. (2011) .
V. Results -Sequential Order Bias
Sequential bias occurs when one person's results are related the person that goes immediately before them. Tables 14-17 show separately for difficulty and execution whether the score received can be predicted by the score awarded to the preceding athlete. This data also tests each event separately for both the women and men to measure the effect of the previous person in that event. For each result I control for overall order, overall order squared, superstar, and same judge (when appropriate), but I only report the coefficient on the lagged term because this is where the sequential order bias is observed if it exists. indicates that judges award each score independently of the previous score. Although other studies have found a sequential order bias (i.e. Damisch, Mussweiler, and Plessner 2006) it may be that their data was not an accurate measure of this form of bias or there has been a conscientious effort to eliminate this bias in the judging community.
Robustness -Sequential Order Bias
Although there is no evidence of a sequential bias, there is the potential that there is a separate bias for the person immediately following a superstar athlete. Tables 18-21 show, separately for difficulty and execution, whether the score received can be predicted by the score awarded to the preceding athlete and if the score is predictable for an athlete following a superstar. This data tests each event separately for both the women and men separately on both difficulty and execution score. For each result I control for overall order, overall order squared, superstar, and same judge (when appropriate) but I only report the coefficient on the lagged terms because these are the coefficients of interest. These results continue to show no evidence of a sequential bias for difficulty scores or execution scores. There is also no evidence that following a superstar athlete biases the scores of the preceding athlete.
It is also possible that, although the judges on average do not show any evidence of a sequential order bias, individual judges on the panel still display this bias. Each panel of judges has multiple judges scoring each event. Each judge judges the same event for the entire preliminary competition, so the second judge on the floor panel will remain the second judge on the floor panel throughout the competition. I have data on each individual execution judge's score throughout the meet. In tables 22 for the men and 23 for the women, the sequential order measure given for each individual judge.
Only one of the sixty judges shows a statically significant impact on the sequential order nature of the data. Judge one on the women's uneven bars shows a negative and significant impact at the ten percent level. The remaining judges continue to show no significant relationship between an athlete's score and the previous athlete's performance. 
V. Conclusion
Sequential order events are a regular part of life. Many people try to strategically place themselves in sequential order for events such as oral exams, business or classroom presentations, debates, meetings, interviews, or releasing vital statistics. People engage in strategic behavior because of two types of bias that occur in sequential order contests:
overall order bias and sequential order bias. Sequential order bias occurs when people believe they need a strategic placement because the information presented or released immediately before them will impact their relative performance or score. However, the results of this study find no evidence that time spent choosing a strategic sequential order in this manner is not useful; the information released immediately before you is not found to impact your score. However, there is evidence of an overall bias. In general, going later in the competition is valuable. Thus, using resources to enable oneself go later in a competition, especially when each score is finalized before the next person goes, is beneficial.
Using a unique data set where elite level gymnasts are randomly assigned starting positions and there is no team competition, which is known to bias the data, I find evidence of an overall bias in the 2009 Worlds Gymnastics Championships. In this meet there is no evidence of a sequential order bias. This means that either the judging in elite level gymnastics has increased its ability to mitigate this bias or this sample, without the team competition and finals competition, allows for a more accurate estimation of this form of bias (relative to Damisch, Mussweiler, and Plessner's 2006 findings) . Either way, understanding that the sequential order bias does not exist in the data is useful when judging gymnasts, song contestants, job candidates, employees, students, (presidential) debates, movie awards, stock analyst estimations, or any other sequential order competition.
However, the finding of an overall bias continues to mean that there are strategic advantages to the timing of appearance in any of these arenas. Knowing that the placement of a contestant, job interviewer, employee, or debater can influence the overall fairness of the competition also means there are strategic responses to this bias.
Continued research on both of these forms of bias, as well as all forms of bias, is encouraged.
